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The drift–Alfven instabilities in the magnetic field aligned (parallel) sheared flow of a finite beta (1 > β >
me/mi) plasma with comparable inhomogeneous ion temperature and homogeneous electron temperature are
examined. The development of instabilities are quantitatively discussed on the basis of numerical solution of
a set of equations for the electrostatic and electromagnetic potentials. It is found that the accounting for the
electromagnetic ion kinetic response, which has been ignored usually in existing discussions of the drift-Alfven
instabilities of a steady plasma, reveals new drift-Alfven instability driven by the coupled action of the ion
temperature gradient, the flow velocity shear, and the ion Landau damping. The excited unstable waves have
the phase velocities along the magnetic field comparable with the ion thermal velocity, and the growth rate
comparable with the frequency.
I. INTRODUCTION
The understanding of instabilities driven by a shear in
the velocity of a plasma flows is of considerable interest
to research in magnetic fusion plasmas, where inhomo-
geneous flows and currents along and across magnetic
field are ubiquitous. It is well known, that the mag-
netic field aligned plasma shear flows, which are observed
in the edge layers of tokamak plasmas1–5 are the ad-
ditional sources of free energy for the electrostatic and
electromagnetic instabilities development. The majority
of analysis of these instabilities have been restricted to
the case of cold ions with ion temperature Ti much less
than the electron temperature Te. In this case the analy-
sis may be simplified by considering the ions in the fluid
limit which is valid only for the perturbations having the
phase velocity along the magnetic field that greatly ex-
ceeds the thermal velocity of the ions vTi. For the toka-
mak plasma, the ionosphere and the solar wind plasmas
the case of warm ions having the temperature compara-
ble with or even exceeding the electron temperature is
more relevant.
In parallel shear flows with hot ions, Ti & Te, the ion
kinetic effects play the decisive role in the development
the instabilities of the parallel shear flows. In particular,
such plasma is prone to the excitation of the shear-flow
driving instabilities6,7. It was obtained7, that in plasma
with inhomogeneous density the ion kinetic drift–Alfven
(DA) instability develops from the coupled action of the
parallel–flow shear and ion Landau damping. The growth
rate of this instability is of the order of the frequency, the
phase velocity of perturbations along the magnetic field
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is comparable with ion thermal velocity. The electromag-
netic response of the ions for this instability is compara-
ble with the electromagnetic response of the electrons.
It was found in Ref.6, that the electrostatic instability
exists by virtue of the coupled action of parallel velocity
shear, ion Landau damping and a ion temperature gra-
dient, which reinforce each other in the development of
the ion kinetic instability. In this paper we undertake
the investigation of the electromagnetic counterpart of
that instability: the DA instability of the parallel shear
flow with inhomogeneous ion temperature. In Section
II, we present the basic linear equations that govern the
stability properties of the parallel shear flows with inho-
mogeneous flow density and inhomogeneous ion temper-
ature. In Section III, we present the numerical solution
and discussion of the detected electromagnetic DA insta-
bilities with special emphasis on the thermal and electro-
magnetic effects of ions on the stability properties of the
parallel shear flows. Conclusions are given in Section IV.
II. BASIC EQUATIONS
The tokamak plasma is, as a rule, a low β plasma, with
1 β  me/mi. It is well known, that such a plasma is
unstable against the development of the electromagnetic
DA instabilities8. These instabilities are governed by the
Vlasov equations for electrons and ions and the Poisson
equation and Ampere’s law for the electrostatic potential
Φ and along magnetic field component Az of the electro-
magnetic potential. For the inhomogeneous, magnetic-
field-aligned, single–ion–species, collisionless plasma flow
with velocity V0(Xα) ‖ B0ez, the Vlasov equation for
the perturbation fα = Fα−F0α of the distribution func-
tion Fα with equilibrium function F0α in guiding cen-
ter coordinates in slab geometry, Xα = x +
v⊥
ωcα
sinφ,
Yα = y− v⊥ωcα cosφ, where x and y are coordinates of the
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2particle position, ωcα is the cyclotron frequency, has a
form
∂fα
∂t
− ωcα ∂fα
∂φ
+ vz
∂fα
∂z
=
e
mα
[
1
ωcα
(
∂Φ
∂Y
− vz
c
∂A‖
∂Y
)
∂F0α
∂X
− ωcα
v⊥
(
∂Φ
∂φ
− vz
c
∂A‖
∂φ
)
∂F0α
∂v⊥
+
(
∂Φ
∂z
+
1
c
∂A‖
∂t
− ωcα
c
∂A‖
∂φ
)
∂F0α
∂vz
]
, (1)
The perturbed electrostatic potential Φ is determined
by the Poisson equation
∆Φ (r, t) = −4pi
∑
α=i,e
eα
∫
fα (v, r, t) dvα. (2)
and perturbed electromagnetic potential A‖ is deter-
mined by the Ampere’s law
∆A‖ (r, t) = −4pi
c
∑
α=i,e
eα
∫
vzfα (v, r, t) dvα. (3)
In what follows, F0α is considered as the shifted
Maxwellian distribution function for electrons and ions
(α = i, e)
F0α =
n0α (Xα)
(2piv2Tα)
3/2
exp
[
− v
2
⊥
2v2Tα
− (vz − V0(Xα))
2
2v2Tα
]
,(4)
assuming the inhomogeneity direction of the density and
temperature of the sheared-flow species is along coor-
dinate Xα, vTα = (Tα (Xα) /mα)
1/2
is the thermal ve-
locity. The flow velocity of ions V0 is assumed to be
equal to that of the electrons. We consider here the ide-
alized inhomogeneous-flow case of homogeneous parallel-
velocity shear, i.e. V0(Xα) = V00 + V
′
0Xα, where V00 is
the spatially homogeneous part of the flow velocity, and
V ′0 = const. In order to simplify the problem, a velocity
v usually transforms from the laboratory to a convect-
ing frame of reference, v = vˆ + V0(Xα)ez, where any
spatially homogeneous part of flow velocity is eliminated
from the problem by a simple Galilean transformation.
The solution of the system (1)-(3) in the convective set
of reference is of the modal form during a long time until
V ′0t . kx/kz6. Until that time, the solution to Fourier
transformed system (1)–(3) in the local approximation,
for which kxLn  1, where Ln = [d lnn0 (X) /dx]−1, is
given by the equations
Φ (k, ω)
[
k2λ2Di +
∞∑
n=−∞
Ani
[
1 + i
√
piW (zni)
×
(
z0i − χi
(
1− 1
2
ηi
))]
− Si
∞∑
n=−∞
Ani
(
1 + i
√
pizniW (zni)
)
FIG. 1. The normalized frequency ω/ωci (panel (a)), the
normalized growth rate γ/ωci (panel (b)), |zi| (panel (c)) and
|ze| (panel (d)) versus Ln/ρi for ηi = 3, kyρi = 0.1, Ti/Te = 1,
(V ′0/ωci)
−1
= 70, (kzρi)
−1 = 3000.
−
∞∑
n=−∞
χiηizniAni
(
1 + i
√
pizniW (zni)
)
3FIG. 2. The normalized frequencies ω/ωA (panel (a)) and
ω/ωde (panel (b)) versus Ln/ρi for ηi = 3, kyρi = 0.1, Ti/Te =
1, (V ′0/ωci)
−1
= 70, (kzρi)
−1 = 3000.
+ i
√
pi
∞∑
n=−∞
χiηiW (zni) k
2
⊥ρ
2
i
(
Ani + Aˆni
)
+τ
∞∑
n=−∞
Ane
(
1 + i
√
pi (z0e − χe)W (zne)
)]
−A‖ (k, ω)
{ ∞∑
n=−∞
Ani
(
z0i − χi
(
1− 1
2
ηi
))
×
(
1 + i
√
pizniW (zni)
)
− Si
∞∑
n=−∞
Anizni
(
1 + i
√
pizniW (zni)
)
(5)
−
∞∑
n=−∞
χiηizniAni
[
1
2
+ z2ni
(
1 + i
√
pizniW (zni)
)]
+
∞∑
n=−∞
χiηi
(
1 + i
√
pizniW (zni)
)
k2⊥ρ
2
i
(
Ani + Aˆni
)
+τ
vTe
vTi
∞∑
n=−∞
Ane (z0e − χe)
(
1 + i
√
pizneW (zne)
)}
= 0
and
Φ (k, ω)
[ ∞∑
n=−∞
Ani
(
z0i − χi
(
1− 1
2
ηi
))
FIG. 3. The normalized frequency ω/ωci (panel (a)), the
normalized growth rate γ/ωci (panel (b)), |zi| (panel (c)) and
|ze| (panel (d)) versus ηi for Ln/ρi = 35, kyρi = 0.1, Ti/Te =
1, (V ′0/ωci)
−1
= 70, (kzρi)
−1 = 3000.
×
(
1 + i
√
pizniW (zni)
)
− Si
∞∑
n=−∞
Anizni
(
1 + i
√
pizniW (zni)
)
4−
∞∑
n=−∞
χiηizniAni
[
1
2
+ z2ni
(
1 + i
√
pizniW (zni)
)]
+
∞∑
n=−∞
χiηi
(
1 + i
√
pizniW (zni)
)
k2⊥ρ
2
i
(
Ani + Aˆni
)
+τ
vTe
vTi
∞∑
n=−∞
Ane (z0e − χe)
(
1 + i
√
pizneW (zne)
)]
+A‖ (k, ω)
{
k2ρi
2β
−
∞∑
n=−∞
(
z0i − χi
(
1− 1
2
ηi
))
×Anizni
(
1 + i
√
pizniW (zni)
)
(6)
+ Si
∞∑
n=−∞
Ani
[
1
2
+ z2ni
(
1 + i
√
pizniW (zni)
)]
+
∞∑
n=−∞
χiηizniAni
[
1
2
+ z2ni
(
1 + i
√
pizniW (zni)
)]
−
∞∑
n=−∞
χiηizni k
2
⊥ρ
2
i
(
Ani + Aˆni
)
×
(
1 + i
√
pizniW (zni)
)
− τ v
2
Te
v2Ti
∞∑
n=−∞
Ane (z0e − χe)
×zne
(
1 + i
√
pizneW (zne)
)}
= 0.
In Eqs. (5), (6) λDi is the ion Debye length, ωci
is the ion cyclotron frequency, ρi = vTi/ωci is the ion
thermal Larmor radius, Ani,e = In
(
k2⊥ρ
2
i,e
)
e−k
2
⊥ρ
2
i,e ,
Aˆni = e
−k2⊥ρ2i I ′n
(
k2⊥ρ
2
i
)
, In is the modified Bessel func-
tion of order n, zni,e = (ω − nωci,e) /
√
2kzvTi,e, z0i,e =
ω/
√
2kzvTi,e = zi,e, W (z) = e
−z2
(
1 + 2i√
pi
z∫
0
et
2
dt
)
is the complex error function, τ = Ti/Te, Si =
kyV
′
0/kzωci, vdi,e = (cTi,e/eB0) (d lnni/dx), vdi,e is ion,
electron diamagnetic velocity, ηi = d lnTi/d lnni, χi,e =
kyvdi,e/
√
2kzvTi,e. The principal difference of Eq. (6)
from the similar equation obtained early (see, for example
Ref.5 and the references therein) consists in the account-
ing for the perturbed ion current, as well as the electron
current. We do not assume here, that the phase velocity
of the perturbations is much above the ion thermal ve-
locity. In the case Ti ∼ Te and |z0i| ∼ 1 the electron and
ion responses in Eq. (6) are of the same order.
We consider low frequency electromagnetic modes with
frequency ω much less than the ion cyclotron frequency
ωci in the limit |ω| . kzvTe as is appropriate for the
velocity shear and the temperature gradient instabilities.
For these conditions, the general dispersion equation that
accounts for the parallel–flow shear and inhomogeneous
profiles of ion density and ion temperature and accounts
for the effects of thermal motion of ions, both along and
FIG. 4. The normalized frequency ω/ωci (panel (a)), the
normalized growth rate γ/ωci (panel (b)), |zi| (panel (c)) and
|ze| (panel (d)) versus (V ′0/ωci)−1 for Ln/ρi = 35, ηi = 3,
kyρi = 0.1, Ti/Te = 1, (kzρi)
−1 = 3000.
across the magnetic field, has a form
A+ i
√
piW (z0i)B = 0, (7)
5where
A =
(
1 + iz0e
√
piW (z0e)
)
(τz0i + χi)
×
[
(z0i − χi) (2A0i − 1)− z0iA0i (Si + ηiχiz0i)
+ 2ηiχi k
2
⊥ρ
2
i (A0i −A1i)
]
+
[
1 + τ
(
1 + i (z0e − χe)
√
piW (z0e)
)
−A0i (Si + ηiχiz0i)
]
×
(
k2ρ2i
2β
+
SiA0i
2
−A0iz0i (z0iQi − χi)
+ηiχiz0i
[
A0iz
2
0i − k2⊥ρ2i (A0i −A1i)
])
+
[
A0i (z0iQi − χi)
−ηiχiz0i
[
A0iz
2
0i − k2⊥ρ2i (A0i −A1i)
]]2
(8)
and
B =
(
A0i (z0iQi − χi) + ηiχi
[
A0i
(
1
2
− z20i
)
+ k2⊥ρ
2
i (A0i −A1i)
])
×
[
k2ρ2i
2β
+
SiA0i
2
− z0i (z0i − χi) (1−A0i)
+ ηiχiz0i k
2
⊥ρ
2
i (A0i −A1i)
]
= 0, (9)
where A0,1i = I0,1
(
k2⊥ρ
2
i
)
e−k
2
⊥ρ
2
i and Qi = 1 − Si. In
the case of the homogeneous ion temperature, i.e. for
ηi = 0, Eq. (7) becomes identical to dispersion equa-
tion obtained and analysed in Ref.7. In this paper, the
numerical analysis of Eq. (7) is performed with partic-
ular intent to ascertain the role of the ion temperature
inhomogeneity on the DA instabilities in the presence of
parallel sheared flow.
III. NUMERICAL SOLUTIONS AND DISCUSSIONS
In a general case, all terms in Eq. (7) are of the same
order of value and the numerical analysis of Eq. (7) is
necessary. The results of the numerical solution of Eq.
(7) are presented in Figs. 1-7. In all these Figures (with
the exception of Fig. 2) the results of the numerical so-
lution for the normalized frequency ω/ωci are presented
in panel (a), for the the normalized growth rate γ/ωci in
panel (b), for the parameter |zi| in panel (c), and for |ze|
in panel (d). These solutions were derived for a plasma
with β = 5% and mi/me = 1840.
In Fig. 1, the solution to equation (7) is given versus
Ln/ρi for ηi = 3, kyρi = 0.1, Ti/Te = 1, (V
′
0/ωci)
−1
= 70,
(kzρi)
−1
= 3000. In this figure, as well as in all others,
the plots for the kinetic Alfven wave in a steady plasma
are denoted by a green line (line 4), the plots for the DA
FIG. 5. The normalized frequency ω/ωci (panel (a)),
normalized growth rate γ/ωci (panel (b)), |zi| (panel (c))
and |ze| (panel (d)) versus kyρi for Ln/ρi = 35, ηi = 3,
(V ′0/ωci)
−1
= 70, Ti/Te = 1, (kzρi)
−1 = 3000.
instability in the shear flow (DAS instability) with homo-
geneous ion temperature ( i. e. for ηi = 0) are denoted
by a black line (line 1). It was found in Ref.7 that the
solution to Eq. (7) for ηi = 0 reveals that the velocity
shear is the factor which modifies the dispersion prop-
6erties of the DA instability which develops8 in a steady
plasma with cold ions (Ti  Te) and is the source of the
free energy for the development of other DAS instability
which is absent in a steady plasma. It was derived7 that
the left part of line 1 in Fig. 1 (panel (b)), which involves
first localised maximum of the growth rate, corresponds
to the shear-flow modified DAS instability. This insta-
bility develops as the DA instability due to the inverse
electron Landau damping, however exists in the plasma
with comparable inhomogeneous ion temperature. The
right part of the line 1 with Ln/ρi > 75 corresponds to
the shear flow driven DAS instability which develops due
to the coupled action of the ion Landau damping and
flow velocity shear. It was named in Ref.7 as the ion ki-
netic shear flow driven DAS instability. This instability
has the growth rate larger than the growth rate of the
modified DAS instability. It exists in the parallel sheared
flow and is absent in the uniform plasma flow or steady
plasmas. As it is presented in Figs. 1–7, these two DAS
instabilities develop at different plasma parameters and
at the different ranges of the wave number values.
The numerical solution to Eq. (7) with ηi 6= 0 predicts
the development of two distinct DA instabilities in par-
allel sheared flow with inhomogeneous ion temperature
(DAS-ITG instabilities). The plots for the frequency and
the growth rate of the first DAS-ITG instability are de-
noted by a red line (line 2) and the plots for the second
DAS-ITG instability are denoted by a blue line (line 3)
in all Figs. 1 – 7. The panels (a), (b), (c) (d) of Figs. 1,
3–7 display that this instability develops under the condi-
tions of the strong inverse ion Landau damping (|zi| . 1)
with the growth rate γ (k) of the order of the frequency
ω (k) and the useful estimate for the growth rate,
γ ∼ kzvTi, (10)
follows. This instability may be named as the ion kinetic
DAS-ITG instability.
The second DAS-ITG instability exists in the finite do-
main of the parameter Ln/ρi where the frequency of this
instability and of the kinetic Alfven wave are almost equal
(Fig. 2 (panel b)) and where the ion Landau damping
is weak (i. e. where |zi|  1 (Fig. 1 (panel (c))). This
instability develops due to the inverse electron Landau
damping with the growth rate (Fig. 1 (panel b)) much
less than the frequency (panel (a)). It is the modified
version of the DA instability of the steady plasmas8. In
the parallel sheared flow, both DAS-ITG instabilities de-
velop, as it follows from Fig. 7, in the plasma with cold
as well as with hot ions where Ti & Te. The second DAS-
ITG instability exists, however, only when the flow ve-
locity shear is sufficiently strong (see Fig. 4 (panel (b))).
Therefore this instability may be named as the electron
kinetic shear flow modified DAS-ITG instability. As it
follows from panel (b) of Fig. 2, the frequency of this
instability in the parameters regions where the growth
rate is maximum may be estimated as
ω ∼ kyvde. (11)
Figure 1 displays that for the used values of the parame-
ters the ion kinetic DAS-ITG instability develops for any
values of Ln/ρi, whereas the electron kinetic shear flow
modified DAS-ITG instability exists in the finite inter-
val 20 . Ln/ρi . 80. In Figs. 3 –7, we use the value
Ln/ρi = 35 for which both instabilities exists and both
may be investigated.
In Fig. 3, the solution to equation (7) is given versus ηi
for Ln/ρi = 35, kyρi = 0.1, Ti/Te = 1, (V
′
0/ωci)
−1
= 70,
(kzρi)
−1
= 3000. This figure displays that the ion tem-
perature inhomogeneity affects differently on these DAS-
ITG instabilities. The growth rate of the electron kinetic
sheared flow modified DAS-ITG instability gradually de-
cay with parameter ηi ∼ Ln/LTi growth. At the same
time, the ion temperature inhomogeneity has a decisive
effect on the development of the ion kinetic DAS-ITG
instability. This instability develops when parameter ηi
becomes larger the threshold value with the growth rate
growing with ηi value growth. Therefore, in fact only the
ion kinetic DAS-ITG instability may be considered as a
ion-temperature-gradient-driven instability. For ηi = 3
value, which is used in Figs. 1, 4–7, both DAS-ITG in-
stabilities exist.
In Fig. 4, the solution to equation (7) is given versus
(V ′0/ωci)
−1
for Ln/ρi = 35, ηi = 3, kyρi = 0.1, Ti/Te = 1,
(kzρi)
−1
= 3000. Figure 4 displays, that the growth rates
of both instabilities grow with growth of the flow velocity
shearing rate. In the plasma with equal ion and electron
temperatures, the electron kinetic shear flow modified
DAS-ITG instability exists only in the limited range of
the sufficiently large velocity shear. For the used numer-
ical values of other parameters this instability exists only
when V ′0 > 10
−2ωci. The ion kinetic DAS-ITG instability
continues to exist at any velocity shear values and stems
from the coupled action of the flow velocity shear, ion
temperature gradient and inverse ion Landau damping
(|zi| ≈ 1.2 ÷ 0.5, |ze| ≈ 10−2 (panels (c) and (d)). For
(V ′0/ωci)
−1
= 70 used in Figs. 1–7 (with the exception of
Fig. 4) both DAS-ITG instabilities develop.
In Fig. 5, the solution to Eq. (7) is given versus kyρi
for Ln/ρi = 35, ηi = 3, (V
′
0/ωci)
−1
= 70, Ti = Te,
(kzρi)
−1
= 3000. This figure reveals, that for the em-
ployed parameters the electron kinetic DAS-ITG insta-
bility develops in the narrow interval v 0.05 ÷ 0.15 of
the kyρi values with the growth rate much less than
the frequency. At the same parameters, the ion kinetic
DAS-ITG instability develops with the growth rate much
above the frequency in the wide interval v 0.05 ÷ 0.8
of the kyρi values. Note, that the frequency of the ion
kinetic DAS-ITG instability changes its sign in this in-
terval: it is positive in the narrow region of kyρi where
the growth rate is maximum being negative at the rest
part of the kyρi values. It follows from Fig. 5 that both
DAS-ITG instabilities exist for the kyρi = 0.1 value used
in the calculations presented in all other Figures.
In Fig. 6, the solution to Eq. (7) is given ver-
sus (kzρi)
−1
for Ln/ρi = 35, ηi = 3, kyρi = 0.1,
7FIG. 6. The normalized frequency ω/ωci (panel (a)), the
normalized growth rate γ/ωci (panel (b)), |zi| (panel (c)) and
|ze| (panel (d)) versus (kzρi)−1 for Ln/ρi = 35, ηi = 3, kyρi =
0.1, (V ′0/ωci)
−1
= 70, Ti/Te = 1 and β = 5%.
(V ′0/ωci)
−1
= 70, Ti/Te = 1. The panel (b) displays that
the ion kinetic DAS-ITG instability has largest growth
rate in comparison with electron kinetic DAS-ITG in-
stability and with DAS instability of a plasma with ho-
mogeneous ion temperature for all considered values of
(kzρi)
−1
. More over, the maximum growth rate of the ion
FIG. 7. The normalized frequency ω/ωci (panel (a)), the
normalized growth rate γ/ωci (panel (b)), |zi| (panel (c)) and
|ze| (panel (d)) versus τ = Ti/Te for Ln/ρi = 35, ηi = 3,
kyρi = 0.1, (V
′
0/ωci)
−1
= 70, (kzρi)
−1 = 3000 and β = 5%.
kinetic DAS-ITG instability attains for (kzρi)
−1
values(
(kzρi)
−1 . 10−3
)
for which the electron kinetic DAS-
ITG instability as well as the considered in Ref.7 DAS
instabilities of the parallel sheared flow with homoge-
neous ion temperature are absent. In the calculations
8presented in all other figures we used (kzρi)
−1
= 3000
value for which both DAS-ITG instabilities exist and the
ion kinetic instability has the growth rate approximately
in two time less than the maximum value.
In Fig. 7, the solution to Eq. (7) is given versus Ti/Te
for Ln/ρi = 35, ηi = 3, kyρi = 0.1, (V
′
0/ωci)
−1
= 70,
(kzρi)
−1
= 3000. This figure displays that the DAS in-
stability considered in Ref.7, and the electron and ion
kinetic DAS-ITG instabilities develop in parallel sheared
flow with warm ions. It is contrary to the steady plas-
mas where the DA instability may be developed only in
plasma with Ti  Te. The maximum growth rate at-
tains for the plasma with Ti ' Te (DAS instability) or
when Ti & Te (both DAS-ITG instabilities). Panel (b)
demonstrates that DAS instabilities and electron kinetic
DAS-ITG instability exist in the finite ion/electron tem-
peratures ratio interval which involves Ti/Te = 1 value,
used in all other Figures. The ion kinetic DAS-ITG insta-
bility exists for all considered values of the temperatures
ratio.
IV. CONCLUSIONS
The numerical analysis of the dispersion equation (7),
which accounts for the parallel flow shear, the inhomo-
geneous profiles of the plasma density and of the ion
temperature, and the effects of thermal motion of ions
was performed. It was derived, that the parallel sheared
flow of a plasma with inhomogeneous ion temperature is
unstable against the development of two distinct DAS-
ITG instabilities. The performed numerical analysis of
the dispersion equation (7) displays the existence of the
shear flow driven ion kinetic DAS-ITG instability which
develops due to the combined action of the flow velocity
shear, ion temperature gradient and ion Landau damp-
ing. This instability has the growth rate of the order
of the frequency. This growth rate is also much above
the frequency of the electron kinetic DAS-ITG instability,
which has the growth rate much less than the frequency.
Thus, the DA turbulence, which is powered by the DA
instability existing only in a steady plasma with cold
ions, Ti  Te, relives in parallel sheared plasma flows
with inhomogeneous ion temperature of the order of or
above the electron temperature as DAS-ITG turbulence
with much more larger growth rate. The initially fastest
growing disturbance due to the ion kinetic DAS-ITG in-
stability will dominate the subsequent development the
DA turbulence in parallel shear flow. Certainly, because
γ (k) ∼ ω (k) for this instability the nonlinear analysis of
this instability with can’t be performed on the base of the
weak turbulence approach. Also, the renormalized non-
linear theory9, which accounts for the scattering of ions
by the DAS turbulence, for which γ (k) ∼ ω (k) also9,
may give analytically only the approximate estimate for
the saturated amplitude of the electric field. The phase
randomization of the waves in the wave packet with wave
number spectrum width ∆k⊥ ∼ k⊥ and the frequency
ω (k) occurs at time t ∼ γ−1 (k) when
dω (k)
dk⊥
∆k⊥t ∼ ω (k)
γ (k)
& pi, (12)
but this does not occur for the ion kinetic DAS-ITG insta-
bility. There is no small parameter which can be applied
for the development of any kind of the turbulence the-
ory. The simplest estimates for the saturated amplitude
of the electric field of the DAS-ITG turbulence powered
by the considered DAS-ITG instabilities may be derived
at the most general level by employing the widely invoked
”mixing length estimate”. It balances the wavelength of
the perturbation against the particle (in our case the ion)
displacement, ξ, in the unstable electric field,
ξ ∼ u
γ
∼ 2pi
k⊥
. (13)
Eq. (13) defines the threshold for stochastization or mix-
ing of a test ion trajectory and is the familiar for the
instability saturation level10. With the estimates (10)
for the growth rate γ ∼ kzvTi and for the ion velocity
u ∼ cE/B ∼ ck⊥ϕ/B, Eq. (13) gives the estimate
eϕ
Ti
∼ kz
k⊥
2pi
k⊥ρi
. (14)
This estimate is the same as was obtained in Ref.9 for
the perturbed potential in the steady state of the ion
kinetic shear flow driven DAS instability of a plasma with
homogeneous ion temperature. Note, that the estimate
(14) was obtained in Ref.9 employing the renormalized
nonlinear theory, which accounts for the scattering of ions
by the ensemble of DAS waves with random phases.
The mixing length estimate may be employed for the
estimating the steady state level for the electron kinetic
DAS-ITG instability. In this case the balance equation
has a form
ξ ∼ u
ω
∼ 2pi
k⊥
, (15)
where the estimate for the frequency ω is given by Eq.
(11). The estimate for the steady state level for the per-
turbed potential,
eϕ
Ti
. 1
k⊥Ln
, (16)
appeared to be the same as the obtained in Ref.9 for the
electron kinetic shear flow modified DAS instability.
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